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DRINKING CONTAINER 

TECHNICAL FIELD 

This invention relates to drinking containers, and more particularly to spill- 
resistant drinking containers for children, such as those commonly known as "sippy 
5 cups." 

BACKGROUND 

Children's drinking cups are generally provided with removable lids, to help 
prevent large spills. Commonly, these lids have drinking spouts extending from their 
upper surface, that children place in their mouths to sip from the cups. Such cups are 

10 sometimes called "sippy cups." Some sippy cup spouts have open slots or holes 
through which the liquid in the cup flows when the cup is inverted. Such slots or 
holes are generally sized for an acceptably high flow rate, for ease of cleaning, and to 
enable the passage of small drink particulates such as pulp in orange juice. Many 
parents understandably prefer sippy cups with valves that close off any flow opening 

15 in the spout until suction is supplied by the child, instead of permanently open holes 
or slots. The design of such valves traditionally entails a trade-off between flow rate 
during drinking and leak rate when not in use. Also, many such valves can be 
difficult to properly clean. Some valves are removable and can be misplaced. Some 
sippy cup valves are in the form of a flexible membrane with a normally closed slit 

20 which opens sufficiently under pressure to enable acceptable flow. 

SUMMARY 

We have realized that a drinking spout, such as that of a sippy cup lid, can 
provide an acceptably high flow rate and an acceptably low leak rate when equipped 
with a plurality of normally open holes of a particularly small size. 
25 Several aspects of the invention feature a drinking container that includes a 

main body defining an interior cavity accessible through an opening at an upper end 
of the main body, and a removable lid secured to the main body at its upper end to 
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cover the opening and enclose, together with the main body, the interior cavity to hold 
a liquid. 

According to one aspect of the invention, the lid has an extended drinking 
spout defining multiple unrestricted holes providing open hydraulic communication 
between exterior surfaces of the container and the interior cavity. The holes have a 
size selected to permit less than 3 drops of leakage of fresh water Jrom the interior 
cavity through the holes over a 10 second interval under quasi-static conditions with 
the container inverted, a static head of 2.0 inches (51 millimeters) of fresh water at the 
inner ends of the holes, and no vacuum applied to the spout; and to dispense an 
aggregate of at least 1.3 gram of fresh water from the spout over a 10 second interval 
with a static vacuum of 0.27 Bar below atmospheric pressure applied at the outer ends 
of the holes and a static head of 2.0 inches (51 millimeters) of fresh water at the inner 
ends of the holes, with the container inverted. 

In some embodiments, the holes are defined through a membrane having a 
nominal thickness of between about 0.010 and 0.040 inch (0.25 and 1.0 millimeter), 
preferably between about 0.015 and 0.030 inch (0.4 and 0.8 millimeter), at the holes. 

Preferably, the membrane comprises a semi-rigid material, and more 
preferably consists of a semi-rigid material. By "semi-rigid", we mean a material that 
is not rubber-like or elastomeric, that is not elastic or resilient in use, as opposed, for 
example, to materials typically employed to form baby bottle nipples and the like. 
Molded polypropylene is a presently preferred semi-rigid material. 

The membrane is preferably dimensionally stable, and in some cases is 
generally planar and perpendicular to a longitudinal axis of each hole. 

In some preferred embodiments, the membrane is recessed within the drinking 
spout, such as a distance of at least 0.25 inch (6.4 millimeters). In some 
configurations, the membrane, is advantageously integrally and unitarily molded from 
a resin, preferably with a nominal molded thickness of less than about 0.035 inch 
(0.90 millimeter), more preferably with a nominal molded thickness of between about 
0.020 and 0.026 inch (0.51 and 0.66 millimeter). 

In some cases the lid forms an air-tight seal around its rim with the main body, 
at the upper end of the main body. In some other cases, only a liquid-tight seal is 
provided, allowing some air venting between the lid and body. 

-2- 
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In some embodiments, the lid has a main body portion defining a peripheral 
groove sized to receive an upper rim of the cup. The lid may also have a snap ridge 
extending into the groove, or below the groove, at an outer edge thereof and 
positioned to snap under a rim of the cup when the cup and lid are fully engaged. In 
5 some cases, the snap ridge is discontinuous about a periphery of the lid. 

Preferably, the holes each have a major lateral extent, perpendicular to a flow 
path along the hole, of less than about 0.025 inch (0.64 millimeter). More preferably, 
the major lateral extent of the holes is less than about 0.020 inch (0.51 millimeter), 
and even more preferably less than about 0.014 inch (0.36 millimeter). By "major 
10 lateral extent", we mean a greatest dimension measured transverse to flow, at a hole 

cross-section of minimum flow area. For a straight, cylindrical hole, for example, this 
would be the diameter of the hole. 

Some spouts define at least four such holes, with each hole having a diameter 
of less than about 0.012 inch (0.30 millimeter), and some spouts define at least eight 
15 such holes. 

In some particularly preferred embodiments, the holes are defined by molded 
surfaces of the drinking spout. 

Some embodiments have holes that are flared at their inner ends. Some holes 
are defined through a membrane having a nominal thickness and forming a protruding 
20 lip about each hole, such that the holes each have a length greater than the nominal 
thickness of the membrane. In some cases such a lip extends toward the interior 
cavity. In some other cases, the lip extends away from the interior cavity. The lip 
tapers to a distal edge in some instances. 

In some preferred embodiments, and particularly advantageous for 
25 disposability, both the main body and the lid are each formed of molded resin of a 

nominal wall thickness of less than about 0.035 inch (0.89 millimeter), preferably less 
than about 0.025 inch (0.64 millimeter). With this low nominal wall thickness, the 
bottom of the main body may have a slightly increased wall thickness, such as up to 
about 0.040 inch (1.0 millimeter) for increased impact resistance. For improved 
30 disposability, some versions of the drinking containers preferably have an empty 
weight less than about 30 grams, more preferably less than about 20 grams. 
Some lids are formed of a resin containing polypropylene. 

-3- 
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To enhance the development of surface tension at the holes, lid material 
defining the holes preferably has a natural state surface energy of less than about 35 
dynes per centimeter. 

According to another aspect of the invention, a drinking container has a main 
body defining an interior cavity accessible through an opening at an upper end of the 
main body, and a removable lid secured to the main body at its upper end to cover the 
opening and enclose, together with the main body, the interior cavity to hold a liquid. 
The lid has an extended drinking spout sized to be received within a human mouth 
and defining multiple unrestricted holes providing open hydraulic communication 
between exterior surfaces of the container and the interior cavity, for dispensing liquid 
disposed proximate inner ends of the holes in response to a vacuum applied at outer 
ends of the holes. The holes each have a major lateral extent, perpendicular to a flow 
path along the hole, of less than about 0.025 inch (0.64 millimeter), and together form 
an aggregate flow path through the spout of an area of at least 0.35 square millimeter. 

Tne holes are preferably of a size selected to cause fresh water in the interior 
cavity to form a stable meniscus at the holes under a static pressure head of 2.0 inches 
(51 millimeters) of fresh water, with the container inverted and atmospheric pressure 
applied to the outer ends of the holes. 

Preferably, the holes form an aggregate flow path through the spout of an area 
of at least 0.42 square millimeter, even more preferably an area of at least 0.50 square 
millimeter. 

In some preferred embodiments, the holes are defined through a dimensionally 
stable, semi-rigid membrane having a nominal thickness of between about 0.010 and 
0.040 inch (0.25 and 1 .0 millimeter) at the holes. In some cases, the membrane is 
generally planar and perpendicular to a longitudinal axis of each hole, and recessed 
within the drinking spout. 

The lid, including the membrane, is in some instances integrally and unitarily 
molded from a resin, such as polypropylene. Preferably, the lid has a nominal molded 
thickness of less than about 0.035 inch (0.90 millimeter). 

In some embodiments, the lid forms an air-tight seal with the main body at the 
upper end of the main body. 
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Preferably, the major lateral extent of the holes is less than about 0.020 inch 
(0.51 millimeter), and more preferably less than about 0.014 inch (0.36 millimeter). 

Some drinking spouts define at least four such holes, and some at least eight 
such holes. 

5 The holes are preferably defined by molded surfaces of the drinking spout, 

such as surfaces formed as the lid is molded. , _ 

Various holes are configured as described above with respect to embodiments 
of the first aspect of the invention. 

In some cases, both the main body and the lid are each formed of molded resin 
10 of a nominal thickness of less than about 0.035 inch (0.89 millimeter), and the two 

together have an empty weight less than about 30 grams, preferably less than about 20 
grams. 

Preferably, the lid material defining the holes has a natural state surface energy 
of less than about 35 dynes per centimeter. 

15 In some embodiments, the spout forms an inwardly-extending dam wall about 

the holes. The spout may also have a distal rim defining an interior trough for 
receiving fluid as the container is inverted. 

Some examples include a baffle plate disposed between the interior cavity and 
the lid, for inhibiting high flow rates into the spout. 

20 In some instances, the lid has a resiliently deformable region adapted to be 

displaced outward under pressure from container contents when the container is 
inverted to increase container volume, thereby reducing pressure within the interior 
cavity. The deformable region may extend about the spout, and/or may comprise 
flexible undulations that may be molded. In some cases the resiliently deformable 

25 region is of an elastomeric material molded over an aperture of the lid. 

In some illustrated examples, the main body defines indentations in side 
surfaces thereof, for enhanced graspability. 

According to yet another aspect of the invention, a lid is provided for a 
drinking container for children. The lid has a main body portion defining a peripheral 

30 groove sized to receive an upper rim of a cup to enclose a cavity for holding a liquid, 
and a drinking spout extending from the main body portion toward an outer side of 
the body portion. The spout defines multiple unrestricted holes providing open 

- 5- 
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hydraulic communication between opposite sides of the lid, for dispensing liquid 
disposed proximate inner ends of the holes in response to a vacuum applied at outer 
ends of the holes. The holes each have a major lateral extent, perpendicular to a flow 
path along the hole, of less than about 0.025 inch (0.64 millimeter), and together form 
an aggregate flow path through the spout of an area of at least 0.35 square millimeter. 

Preferably, the holes are of a size selected to cause fresh water at the inner 
ends of the holes to form a stable meniscus at the holes under a static pressure head of 
2.0 inches (51 millimeters) of fresh water, with the lid inverted such that the spout 
extends downward and atmospheric pressure applied to the outer ends of the holes. 

In some preferred embodiments, the holes are defined through a membrane 
having a nominal thickness of between about 0.010 and 0.040 inch (0.25 and 1.0 
millimeter) at the holes. 

As discussed above, the membrane preferably comprises a semi-rigid material. 

In some cases, the holes are defined through a dimensionally stable membrane 
within the drinking spout, with the membrane preferably recessed at least 0.25 inch 
(6.5 millimeters) within the drinking spout, as measured from a distal end of the 
spout. In some instances, the membrane is generally planar and perpendicular to a 
longitudinal axis of each hole, and the lid, including the membrane, is integrally and 
unitarily molded from a resin such as polypropylene. 

In some embodiments, the lid has a nominal molded thickness of less than 
about 0.035 inch (0.90 millimeter), preferably between about 0.020 and 0.026 inch 
(0.51 and 0.66 millimeter). 

Some preferred lids have a solid surface across their extent, save for the 
drinkingholes. 

Preferably, the holes each have a major lateral extent, perpendicular to a flow 
path along the hole, of less than about 0.020 inch (0.51 millimeter), and more 
preferably less than about 0.014 inch (0.36 millimeter). 

In some cases the drinking spout defines exactly three such holes, with each 
hole having a minimum diameter of between about 0.010 and 0.025 inch (0.25 and 
0.64 millimeter), in some cases about 0.015 inch (0.38 millimeter). In some other 
cases, the drinking spout defines at least four such holes, with each hole having a 
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diameter of less than about 0.020 inch (0.51 millimeter). In some configurations the 
drinking spout defines at least eight such holes. 

Preferably, the holes are defined by molded surfaces of the drinking spout, and 
various holes are configured as described above with respect to embodiments of the 
5 first aspect of the invention. 

In some embodiments the holes are of frusto-conical shape,:wilh a larger end 
of each hole directed toward an inner side of the lid. 

The lid, in some constructions, is formed of a resin containing polypropylene. 

Preferably, the lid material defining the holes has a natural state surface energy 
10 of less than about 35 dynes per centimeter. 

Another aspect of the invention features a drinking container with an 
improved sealing connection between lid and body. The container includes a main 
body defining an interior cavity accessible through an opening at an upper end of the 
main body, the body having a rim about its opening, the rim having a domed upper 
15 surface. A removable lid is secured to the main body at its upper end to cover the 

opening and enclose, together with the main body, the interior cavity to hold a liquid. 
The lid defines a groove about its edge sized to receive and snap over the rim of the 
main body and form a seal. The lid also has an extended drinking spout sized to be 
received within a human mouth and defining at least one unrestricted hole providing 
20 open hydraulic communication between exterior surfaces of the container and the 
interior cavity, for dispensing liquid disposed proximate an inner end of the hole in 
response to a vacuum applied at an outer end of the hole. 

Particularly, the groove about the lid has an inner surface, and the rim of the 
main body has an outer surface, that each define semi-circular arcs of similar radii and 
25 have interlocking features on an inboard side. The interlocking features include a first 
lip projecting radially outward from the lid into the groove and a second lip projecting 
radially inward from the outer surface of the rim of the main body to produce a 
nominal radial interference between the first and second lips as the lid and main body 
are engaged. 

30 In a particularly preferred embodiment, the first lip protrudes about 0.008 inch 

(0.2 millimeter) laterally into the groove from a vertical tangent to an inner edge of an 
upper, inner surface of the groove and the second lip protrudes about 0.008 inch (0.2 
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millimeter) toward a centerline of the main body from a vertical tangent to an inner 
edge of the outer surface of the rim. 

The nominal radial interference between the first and second hps is preferably 
about 0.01 6 inch (0.4 millimeter). 

In some cases, the lid also has at least one snap ridge extending downwardly 
and inwardly from an outer edge of the groove and positioned to snap below a lower, 
distal edge of the cup rim when the cup and lid are fully engaged. 

In some configurations the lid includes a bending tab (26) extending radially 
outward near one of the snap ridges. 

According to another aspect of the invention, a method of forming a lid for a 
drinking container is provided. The method includes injecting moldable resin into a 
closed die cavity defining a body cavity portion shaped to mold a body portion with a 
peripheral groove sized to receive an upper rim of a drinking container and, 
contiguous with the body cavity portion, a spout cavity portion shaped to mold a 
drinking spout sized to be received within a human mouth, with pins extending across 
the body cavity portion, the pins each having a diameter of less than about 0.025 inch 
(0.64 millimeter). The injected resin is solidified to form a lid shaped by the die 
cavity, the lid having a drinking spout with molded surfaces defining holes 
corresponding to the pins. The die cavity is opened, and the lid is removed from the 
cavity. 

In some instances, the resin comprises polypropylene. 

Preferably, the resin has a natural state surface energy of less than about 35 
dynes per centimeter. 

In some preferred embodiments, each pin has a diameter of less than about 
0.020 inch (0.51 millimeter), for molding particularly small drinking holes. 

In some cases, the die cavity has a series of at least three pins extending 
therethrough, for forming a corresponding number of holes in the lid. 

In some embodiments, the die cavity is unobstructed across its extent in all 
directions, save for the pins. 

According to yet another aspect, a method of preventing spills from drinking 
containers for children is provided. The method includes filling a cup with a 
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consumable liquid, and seeming a lid as described above across an upper end of the 
cup. 

Without intending to be limiting, we theorize that such small holes each 
sufficiently resist leakage because they are small enough to enable a meniscus of fluid 
5 to develop across the holes that holds back the static weight of the liquid in the cup 
due to surface tension in the meniscus until suction is applied to the spout Once 
suction is applied by a drinking child, the surface tension is overcome and the liquid 
flows more readily through the hole. The number of holes is chosen to provide 
sufficient total flow rate for drinking. 
1 0 Such small drinking holes may limit the utility of such sippy cup lids with 

respect to particularly viscous drinks or juices with significant pulp content. 
However, these small holes can be particularly inexpensive to produce, and can even 
be formed during lid molding without secondary operations. Provided through a 
particularly thin, semi-rigid wall of the spout, for example, these small holes can be 
15 readily cleaned by automatic dishwashing methods. Alternatively, lids with such 

holes can be produced with such economy as to make the lid practically disposable, as 
a single use item, eliminating the need for cleanability. 

The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and 
20 advantages of the invention will be apparent from the description and drawings, and 
from the claims. 

DESCRIPTION OF DRAWINGS 

1 is a perspective view of a disposable sippy cup. 

2 is a top view of the lid of the sippy cup. 

3 is a side view of the cup lid. 

4 is a cross-sectional view, taken along line 4-4 in Fig. 2. 

5 is a radial cross-sectional view taken through the cup rim. 

6 is a cross-sectional view of the spout, taken along line 6-6 in Fig. 2. ' 

7 is a cross-sectional view of a drinking hole in the spout. 

8 illustrates flow through the hole being resisted by surface tension. 

9 illustrates flow enabled by the application of suction to the spout. 

-9- 
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Fig. 10 shows a drinking hole with a raised Up. 
Fig. 11 shows a tapered hole. 

Figs. 12A through 12E show various hole arrangements. 

Fig. 13 is a cross-section through a mold for molding the upper end of the 
drinking spout and the holes. 

Fig. 14 is a cross-sectional view through a spout of another embodiment, 
shown inverted. 

Fig. 1 5 is a cross-sectional view of a drinking container with a removable 
baffle plate. 

Fig. 16 is a perspective view of a baffle plate with a series of flow holes. 
Fig. 17 is a top view of a first lid having a resiliently deformable region. 
Fig. 17Ais a cross-sectional view, taken along line 17A-17Aof Fig. 17. 
Fig. 18 is a top view of a second lid having a resiliently deformable region. 
Fig. 18Ais a cross-sectional view, taken along line 18A-18Aof Fig. 18. 
Fig. 19 is a top view of a third lid having a resiliently deformable region. 
Fig. 19A is a cross-sectional view, taken along line 19A-19A of Fig. 19. 
Fig. 20 is a top view of a fourth lid having a resiliently deformable region. 
Fig. 20A is a cross-sectional view, taken along line 20A-20A of Fig. 20. 
Fig. 21 is a perspective view of a cup body with opposing side indentations. 
Fig. 21 A is a bottom view of the cup body of Fig. 21. 
Fig. 22 is a perspective view of a drinking cup with three side indentations. 
Like reference symbols in the various drawings indicate like elements. 

DETAILED DESCRIPTION 

Referring first to Fig. 1, cup 10 consists essentially of a lid 12 and a cup body 
14, each molded of a polypropylene to have a nominal wall thickness of between 
about 0.020 and 0.026 inch (about 0.5 millimeter). Lid 12 has a generally planar 
upper surface 16 about the perimeter of which a circular ridge 18 extends upward to 
form a groove on the underside of the lid to receive an upper rim of the cup body 14. 
A drinking spout 20, integrally molded with the rest of the lid, extends upward from 
surface 16 to a distal end 22 shaped and sized to be comfortably received in a child's 
mouth for drinking. The upper end of the spout defines a blind recess 24 with a lower 
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surface defining a series of drinking holes discussed in more detail below. Besides the 
drinking holes in the spout recess, the rest of lid 12 forms an air-tight seal at the top of 
cup body 14. A tab 26 extends laterally from an edge of the lid opposite spout 20, for 
prying the lid off of the cup body. 

Figs. 2 and 3 further illustrate features of lid 12, such that the vertical walls 28 
bounding recess 24 taper slightly toward each other from an upper rim 30 to a lower 
recess floor 32. A series of open, fixed holes 34 are molded through floor 32 to form 
a means of hydraulic communication through the spout. In this illustrated 
embodiment, four holes 34 are shown. Other embodiments have two, three, or more 
than four holes 34, as shown in later figures. Fig. 3 shows the circular perimeter 
groove 36 formed within ridge 18 on the underside of the lid. 

As shown in the enlarged views of Figs. 4 and 5, the inner contour of groove 
36 and outer contour of cup body rim 38 are selected to provide a slight snap fit of the 
lid onto the cup body, to provide a secure seal. The upper, inner surface 40 of ridge 
18 of the lid and the upper, outer surface 44 of rim 38 of the cup body define semi- 
circular arcs of similar radii. These surfaces blend into tangential, vertical walls on 
the outboard side of the ridge and rim, but interlocking features are provided on the 
inboard side for an interference fit. On the lid (Fig. 4) this includes an outwardly 
projecting lip 46 that protrudes about 0.008 inch (0.2 millimeter) laterally into groove 
36 from a vertical tangent to the inner edge of the upper, inner surface 40 of the 
groove. Similarly, on the cup body (Fig. 5), an inwardly projecting lip 48 protrudes 
about 0.008 inch (0,2 millimeter) toward the centerline of the cup body from a vertical 
tangent to the inner edge of the upper, outer surface 44 of the ridge. Thus, lips 46 and 
48 produce a nominal maximum radial interference between rim 38 and groove 36 of 
about 0.016 inch (0.4 millimeter) as the two pieces are engaged. 

To further help to maintain the engagement of cup body and lid, in this 
particular embodiment groove 36 has three snap ridges 50 extending downwardly and 
inwardly at the outer edge of the groove and positioned to snap below the lower, distal 
edge 52 of cup rim 38 when the cup and lid are fully engaged. A portion of one snap 
ridge 50 is visible in Fig. 4. The other snap ridges 50 are located at about 120 degree 
spacing about the lid perimeter, as shown in Fig. 2. Bending tab 26 upward helps to 
disengage the adjacent snap ridge 50 to remove the lid from the cup body. 
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The above-described snap connection between lid and body is readily 
producible by low-cost molding techniques and is therefore preferred for disposable 
versions of the drinking container. However, other methods of securing the lid to the 
body are envisioned. For example, a threaded connection may be provided about the 
cup rim. A third member (not shown) may alternatively be employed to secure the lid 
and body in sealed relation, either as a clip or a cup holder. Such-alhird member may 
be fashioned to be retained and used with several disposable cups, and may carry 
decorative graphics. 

Referring now to Fig. 6, recess floor 32 has a membrane portion 54 of a 
slightly lower thickness than the rest of spout 20. It is through this membrane portion 
54 that holes 34 extend. In this illustrated embodiment, semi-rigid spout wall 54 has a 
tightly controlled thickness of 0.029 inch. The structure of the upper portion of spout 
20 is such that membrane 54 maintains its generally planer, as-molded form during 
normal use, even with significant pressure applied to the outer surfaces of the spout. 
Furthermore, placing membrane 54 at the bottom of recess 24, a distance "D" of at 
least 0.25 inch (6.5 millimeters), protects holes 34 from damage or any 
unintentionally sharp edges about the holes from contacting a child's lips. 

Various configurations of holes 34, as illustrated by example in Figs. 7 
through 1 1, provide different advantages for different applications. 

Fig. 7, for example, shows a hole 34a that has an inner end 56, facing the cup 
side of the lid, with a sharp, square edge 58 about its circumference. On the other 
hand, its outer end 60, facing the spout recess, has a peripheral boundary 62 defined 
by a radius "R". Such a rounded exit edge may be formed, for example, by providing 
a radius about the base of a hole-molding pin pressed into a mold half forming the 
outer side of the membrane 54. Rounded edge 62 is thus likely to be free of any 
undesirable flash edges that could be reached by the tip of a child's tongue. 

Fig. 8 illustrates the formation of a stable fluid bulge 64 extending into hole 
34a from its inner end, under static pressure "P" applied by the weight of the liquid in 
the cup when the cup is inverted. A fluid membrane at the free surface of the bulge 
carries a surface tension that resists the rupture of the fluid membrane and the 
undesired leakage of the fluid through the hole. The level of pressure "P" that can be 
resisted by such surface tension will be a function of the relative surface energies of 
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both the fluid 66 and the lid material at the interface between the edge of the bulge 64 
and membrane 54 (at 58, for instance). Resistance to leakage will also depend on 
fluid viscosity and lateral hole dimensions. We have found that, for many liquids 
commonly consumed by small children, such as fruit juices, water and whole milk, 
circular holes 34a of a diameter less than about 0.025 inch (0.64 millimeter) 
acceptably resist leakage under a quasi-static head of about two inches of these liquids 
with no suction applied to the spout. Preferably, the lid should not leak more than 3 
drops of liquid over a 10 second interval, with two vertical inches of liquid over the 
holes and no suction applied, after being gently rotated to an inverted position at a rate 
of about 180 degrees per second. 

On the other hand, when a sub-atmospheric pressure "S" is applied to the outer 
end of the same hole as shown in Fig. 9, with the lid inverted, the maximum surface 
tension capacity of the bulge free surface will be exceeded and flow will commence. 
Once flow begins, it is likely to continue even if suction is removed. Because of this 
tendency, and because this lid contains no deformable or movable sealing surface to 
stop the flow when suction is removed, we recommend sizing holes 34a small enough 
that such flow will rarely be initiated without applied suction. Of course, conditions 
will arise that can cause undesirable flow initiation in the absence of suction, such as a 
child purposefully hammering on a hard surface with the spout of an inverted cup, but 
for many commercial applications the economic advantage of our approach can 
outweigh such concerns. 

Given that each drinking hole of the spout is small enough to avoid leakage 
under normal non-suction conditions, an acceptable flow rate under drinking 
conditions is obtained by providing a sufficient number of holes. Preferably the holes 
will form an aggregate flow area, perpendicular of flow, sufficient to obtain a flow 
rate of at least 1.3 grams of liquid over a 10 second interval, with the cup inverted, 
about two vertical inches of liquid over the holes, and a steady vacuum equivalent to 8 
inches of mercury (0.27 Bar) applied to the spout after inversion. Preferably, the 
• aggregate flow area will be at least 0.35 square millimeter. In one present 
arrangement shown in Fig. 12 A, the spout has a total of three separate holes, each 
with a diameter of about 0.017 inch, forming an aggregate flow area of about 0.44 
square millimeter. In some other arrangements, shown in Figs. 12B through 12E, 
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other numbers of holes 34 are arranged in various patterns. Figs. 12B and 12D, for 
example, show five and four holes 34, respectively, spaced apart along a line. Figs. 
12C and 12E, on the other hand, show eight and ten holes 34, respectively, arranged 
in two lines, with the holes 34 of Fig. 12E in a staggered arrangement. The larger the 
number of holes, the smaller each individual hole may be formed, to a practical limit, 
to decrease the propensity of leakage while maintaining an acceptable suction flow 
rate. 

Referring back to Fig. 1, cup 10 is completely sealed with the exception of the 
drinking holes in spout 20. hi other words, no vent allows air to flow into the cup as 
the liquid is dispensed. An air tight seal is maintained between the groove of lid 12 
and the rim of cup body 14, such that a slightly sub-atmospheric pressure will develop 
within the cup body during drinking. As soon as drinking stops and the cup is 
uprighted, however, air will enter the cup through the drinking holes to eliminate any 
pressure difference. We find this to be acceptable for many applications, as children 
beyond nursing age do not typically maintain suction indefinitely while drinking. 
Furthermore, with disposable cup body 14 formed to have a particularly thin wall 
thickness, any substantial vacuum within the cup body will only tend to temporarily 
buckle the cup body wall if a child continues to build interior cup vacuum. In some 
other embodiments, the cup rim and lid groove are configured to allow some venting 
to occur. 

Cup 10 is molded of high clarity, polypropylene random copolymer resin, 
such as PRO-FAX SW-555M or MOPLEN RP348N, both available from Basell in 
Wilmington, Delaware or Basell N.V. in The Netherlands (www.basell.com\ The 
resin preferably includes an impact strength-enhancing modifier or additive, and has a 
particularly low weight and thickness that make the cup suitable for one-time use. 
For example, the seven-ounce (200 milliliter) cup body 14 shown in Fig. 1 has a 
nominal wall thickness of only about 0.025 inch (0.64 millimeter) with a thicker base 
of about 0.039 inch (1.0 millimeter) and weighs, together with the lid, only about 18.2 
grams. A similar ten-ounce (300 milliliter) version weighs about 25.7 grams with the 
lid. The material should meet FDA and other government standards for food-contact 
use. This particular material is also microwavable. _ 
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Furthermore, the design of the cup and lid make them individually nestable 
with other such cups and lids, such as for storing or retail packaging of multiple cups 
with multiple lids. Lid 14, however, may also be packaged and sold separately as a 
disposable lid for a non-disposable cup. 

The presently preferred method of forming the drinking holes in lid spout 20 is 
to form the holes as the spout itself is molded, rather than performing-a post-molding 
operation to form the holes. Alternatively, the drinking holes may be formed by 
piercing or laser cutting, although these processing steps tend to add cost and can, in 
some cases, produce more variability in hole properties than molding. Referring to 
Fig. 13, we have found that these holes can be formed by a fixed pin 80 rigidly 
pressed into one of two opposing mold halves (e.g., into upper mold half 82) and 
either extending either into a corresponding hole 84 in the opposite mold half 86, as 
shown, or of a length selected to cause the distal end of the pin 80 to butt tightly up 
against the opposing mold surface to avoid molding flash that could seal off the 
intended hole. 

Many individual hole configurations are envisioned. Because the properties of 
the hole-defining surface where the edge of the stable liquid free surface forms (e.g., 
at the inner hole perimeter) are considered particularly important, we recommend 
maintaining close tolerances and strict quality controls, frequently replacing or 
repairing wearing mold surfaces that form these areas. For some applications, a 
curved inner hole edge will be preferred, such as by inverting the configuration of 
Fig. 7. In some cases a very sharp entrance edge 68 will be desired, such as may be 
produced at the distal end of a conical extension 70 surrounding a hole 34b on the 
inner surface of membrane 54, as shown in Fig. 10. Such a conical extension 70 is 
also useful for producing a longer axial hole length "L" than the nominal membrane 
thickness "T." If such an elongated hole is desired without a sharp entrance edge, the 
extension may be disposed on the other side of membrane 54. Extension 70 may be 
formed, for example, in a generous lead-in chamfer about a hole in a side of the mold 
forming the inner surface of membrane 54, that accepts a hole- forming pin rigidly 
secured to and extending from an opposite mold half. 

As shown in Fig. 11, frustoconical holes 34c may also be employed. In the 
embodiment shown, at its outer edge 72 hole 34c has a diameter Di of about 0.017 
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inch (0.43 millimeter), while at its inner end 74 it has a diameter D 2 of about 0.061 
inch (1.5 millimeter). With a nominal membrane thickness of about 0.029 inch (0.74 
millimeter), hole side wall 76 is sloped at an angle 6, with respect to the hole axis 77, 
of about 37 degrees. It is believed that the inward slope of hole wall 76 aids in the 
development and support of a stable fluid meniscus 78, as shown in dashed outline. 
Tapered hole 34c may be formed by an appropriately tapered mold-pin that either 
extends a distance into a corresponding recess in the opposite molding surface, or, 
with proper quality controls and tight tolerances, butt up against a flat opposite mold 
surface without any receiving recess, without significant flash concerns. 

Other features may be included to reduce the impact pressure of fluid at the 
drinking holes as the cup is rapidly inverted. For example, Fig. 14 shows a shallow 
dam wall 100 formed in the lid and extending inward about the drinking holes 34. As 
the cup is inverted to the shown position by a clockwise rotation, for example, fluid 
initially impinges on the inside surface of the spout in the direction shown by arrows 
A and B. Energy from some of the initial flow will be dissipated in the trough 102 
formed within the rim 30 of the spout, while some secondary flow energy will be 
arrested and deflected by dam 100, such that the fluid reaching the inner openings of 
holes 34 is at a reduced flow energy and less likely to cause leakage. 

A baffle may also be employed, such as is shown in Fig. 15. Cup 1 OA has a 
baffle plate 104 sandwiched between lid 12 and container 14. Baffle plate 104 need 
not provide any sealing about its periphery, where it engages the inner surface of 
container 14 along a shallow skirt 106. As lid 12 is snapped into place, its inner 
surface bears against the upper surface of plate 104, trapping it in place. Baffle plate 
104 has" an inwardly extending flap 108 underlying spout 20, around which fluid must 
flow to enter the spout. 

Another baffle plate is shown in Fig. 16. Plate 104A consists essentially of a 
flat circular plate portion 1 1 0 with a shallow depending skirt 106 that tapers in outer 
diameter to match the inside taper of the container. A series of small flow holes 112 
extend through the baffle plate and are spaced apart in a circular pattern so as to 
ensure that at least one hole 1 12 is positioned to provide hydraulic communication 
between the container and the spout without the need for rotational alignment. A 
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larger hole 114 through the center of the plate is large enough to receive a finger for 
pulling the plate from the container for cleaning. 

The drink container may be provided with a shallow step about the perimeter 
of its inner wall at the opening, to provide a positive stop for the skirt 106 of the 
5 baffle plate. 

The drinking cup may be configured to take advantage of flow, energy to help 
reduce leakage during cup inversions. By constructing the cup lid to resiliently 
deform outward under the weight of the contained fluid, a slight vacuum can be 
created above the fluid, in the enclosed bottom of the cup, thereby reducing the static 

10 pressure at the drinking holes. 

For example, a large area 1 16 of the planer region of the lid may be molded to 
have a very thin wall thickness, such as 0.017 inch (0.43 millimeter) or less, as shown 
in Figs. 17 and 17A. Outward deformation under pressure can be enhanced by 
forming at least this expanding region, or the entire lid, of a resilient material. A thin 

15 sheet of thermoplastic elastomer (TPE) can be sealed over an aperture of the lid, for 
example, to form a sealed, expandable bladder. 

The lid of Figs. 1 8 and 1 8 A has a thinned, flexible region 116 extending about 
the entire spout 20, allowing the more rigid spout to deflect outward slightly under the 
weight of the cup contents. 

20 The expandable region 1 16 of the cup lid may feature non-planer features, 

such as parallel accordion pleats 1 18 as shown in Figs. 19 and 19A, or nested 
undulations 120 as shown in Figs. 20 and 20 A. In these latter two examples, localized 
joints or arches elastically flex as adjacent lid portions are pushed outward, increasing 
cup volume to generate a slight vacuum. It will be realized that for formation of the 

25 optimum vacuum, the bottom of the container should remain relatively rigid as the 
vacuum forms. In each of the last four lid configurations shown, the location of the 
molding gate is shown as a small circular region 122 of nominal wall thickness. 

Although the above containers 14 have been illustrated as of a generally 
tapered cylindrical shape, other shapes are possible and may enhance graspability by 

30 small hands. For example, Figs. 21 and 21 A show a fully nestable container 14A with 
opposing side indents 124 extending vertically along its lower extent to form a peanut 
profiled graspable portion. The upper region and rim of the cup are circular for 
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accepting any of the above-described lids. Fig. 22 shows a container 14V with three 
such indents 124 spaced at 120 degree intervals. 

The cups shown in Figs. 21 and 22 can be sized to hold approximately seven 
fluid ounces, with enhanced graspability for younger children, and can be fashioned 
of equal rim diameter to the 10 ounce cup 14 of Fig. 1 for older children. 

Although illustrated with respect to a child's sippy cup, aspects of the 
invention are also applicable to other drinking containers, such as sports bottles and 
the like. However, particular advantage is obtained in the context of a disposable 
sippy cup. 

A number of embodiments of the invention have been described. 
Nevertheless, it will be understood that various modifications may be made without 
departing from the spirit and scope of the invention. Accordingly, other embodiments 
are within the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1 . A drinking container comprising 

a main body (14) defining an interior cavity accessible through an opening at 
an upper end of the main body ; and 

a removable lid (12) secured to the main body at its upper end to cover the 
opening and enclose, together with the main body, the interior cavity to hold a liquid; 

the lid having an extended drinking spout (20) sized to be received within a 
human mouth and defining multiple unrestricted holes (34) providing open hydraulic 
communication between exterior surfaces of the container and the interior cavity, for 
dispensing liquid disposed proximate inner ends (56) of the holes in response to a 
vacuum applied at outer ends (60) of the holes; 

the holes each having a major lateral extent, perpendicular to a flow path along 
the hole, of less than about 0.025 inch (0.64 millimeter), and forming an aggregate 
flow path through the spout of an area of at least 0.35 square millimeter. 

2. The drinking container of claim 1 wherein the holes (34) are of a size 
selected to cause fresh water in the interior cavity to form a stable meniscus at the 
holes under a static pressure head of 2.0 inches (51 millimeters) of fresh water, with 
the container inverted and atmospheric pressure applied to the outer ends (60) of the 
holes. 

3. The drinking container of claim 1 or claim 2 wherein the holes (34) 
have a size selected to permit less than 3 drops of leakage of fresh water from the 
interior cavity through the holes over a 10 second interval under quasi-static 
conditions with a static head of 2.0 inches (51 millimeters) of fresh water at the inner 
ends (56) of the holes and no vacuum applied to the spout with the container inverted, 
and to dispense an aggregate of at least 1.3 gram of fresh water from the spout over a 
10 second interval with a static vacuum of 0.27 Bar below atmospheric pressure 
applied at the outer ends (60) of the holes and a static head of 2.0 inches (51 
millimeters) of fresh water at the inner ends of the holes with the container inverted. 



- 19- 



WO 03/030695 



PCT/US02/31875 



4. The drinking container of any of the above claims wherein the holes 
(34) form an aggregate flow path through the spout (20) of an area of at least 0.42 
square millimeter, preferably at least 0.50 square millimeter. 

5. The drinking container of any of the above claims wherein the holes 
(34) are defined through a membrane (54) having a nominal thickness of between 
about 0.010 and 0.040 inch (0.25 and 1.0 millimeter) at the holes, preferably between 
about 0.015 and 0.030 inch (0.4 and 0.8 millimeter) at the holes. 

6. The drinking container of claim 5 wherein the membrane (54) 
comprises a semi-rigid material. 

7. The drinking container of any of the above claims wherein the holes 
(34) are defined through a dimensionally stable membrane (54) of the lid (12). 

8. The drinking container of claim 7 wherein the membrane (54) is 
generally planar and perpendicular to a longitudinal axis of each hole (34). 

9. The drinking container of claim 7 or claim 8 wherein the membrane 
(54) is recessed within the drinking spout (20). 

10. The drinking container of claim 9 wherein the spout (20) forms an 
inwardly-extending dam wall (100) about the holes (34). 

1 1 . The drinking container of claim 9 or claim 1 0 wherein the spout (20) 
has a distal rim (30) defining therewithin a trough (102) for receiving fluid as the 
container is inverted. 

12. The drinking container of any of claims 7 through 1 1 wherein the lid 
(12), including the membrane (54), is integrally and unitarily molded from a resin. 
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13. The drinking container of claim 12 wherein the lid (12) has a nominal 
molded thickness of less than about 0.035 inch (0.90 millimeter), preferably between 
about 0.020 and 0.026 inch (0.51 and 0.66 millimeter). 

14. The drinking container of any of the above claims wherein the lid (12) 
has a main body portion defining a peripheral groove (36) sized to-receive an upper 
rim (38) of the body (14). 

15. The drinking container of claim 14 comprising a snap ridge (50) 
extending into the groove (36) at an outer edge thereof and positioned to snap under 
the rim (38) of the body (14) when the body and lid (12) are fully engaged. 

16. The drinking container of claim 15 wherein the snap ridge (50) is 
discontinuous about a periphery of the lid (12). 

17. The drinking container of any of the above claims wherein the lid (12) 
forms an air-tight seal with the main body (14) at the upper end of the main body. 

18. The drinking container of any of the above claims wherein the major 
lateral extent of each hole (34) is less than about 0.020 inch (0.51 millimeter), 
preferably less than about 0.014 inch (0.36 millimeter). 

19. The drinking container of any of the above claims wherein the drinking 
spout (20) defines at least four said holes (34). 

20. The drinking container of claim 19 wherein each hole (34) has a 
diameter of less than about 0.012 inch (0.30 millimeter). 

21 . The drinking container of any of the above claims wherein the drinking 
spout (20) defines at least eight said holes (34). 
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22. The drinking container of any of the above claims wherein the holes 
(34) are defined by molded surfaces of the drinking spout (20). 

23. The drinking container of any of the above claims wherein the holes 
(34) are flared at their inner ends (56). 

24. The drinking container of claim 1 wherein the holes (34) are defined 
through a membrane (54) having a nominal thickness and forming a protruding lip 
(70) about each hole, such that the holes each have a length greater than the nominal 
thickness (T) of the membrane. 

25. The drinking container of claim 24 wherein the lip (70) extends toward 
the interior cavity. 

26. The drinking container of claim 24 wherein the lip (70) tapers to a 
distal edge (68). 

27. The drinking container of claim 1 wherein both the main body (14) and 
the lid (12) are each formed of molded resin of a nominal wall thickness of less than 
about 0.035 inch (0.89 millimeter), preferably less than about 0.025 inch (0.64 
millimeter). 

28. The drinking container of any of the above claims having an empty 
weight less than about 30 grams, preferably less than about 20 grams. 

29. The drinking container of any of the above claims wherein the lid (12) 
is formed of a resin containing polypropylene. 

30. The drinking container of any of the above claims wherein lid material 
defining the holes (34) has a natural state surface energy of less than about 35 dynes 
per centimeter. 
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3 1 . The drinking container of any of the above claims wherein the lid (12) 
has a solid surface across its extent, save for said holes (34). 

32. The drinking container of claim 1 wherein the drinking spout (20) 
defines exactly three said holes (34), with each hole having a minimum diameter of 
between about 0.010 and 0.025 inch (0.25 and 0.64 millimeter). 

33. The drinking container of any of the above claims further comprising a 
baffle plate (104) disposed between the interior cavity and the lid (12). 

34. The drinking container of any of the above claims wherein the lid (12) 
has a resiliently deformable region (116) adapted to be displaced outward under 
pressure from container contents when the container is inverted to increase container 
volume, thereby reducing pressure within the interior cavity. 

35. The drinking container of claim 34 wherein the deformable region 
(116) extends about the spout (20). 

36. The drinking container of claim 34 wherein the deformable region 
(116) comprises flexible undulations (1 18,120). 

37. The drinking container of any of the above claims wherein the main 
body (14a,14b) defines indentations (124) in side surfaces thereof, for enhanced 
graspability. 

38. A method of forming a lid (12) for a drinking container (10), the 
method comprising 

injecting moldable resin into a closed die cavity defining a body cavity portion 
shaped to mold a body portion with a peripheral groove sized to receive an upper rim 
of a drinking container and, contiguous with the body cavity portion, a spout cavity 
portion shaped to mold a drinking spout sized to be received within a human mouth, 
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with pins (80) extending across the body cavity portion, the pins each having a 
diameter of less than about 0.025 inch (0.64 millimeter); 

solidifying the injected resin to form a lid shaped by the die cavity, the lid 
having a drinking spout with molded surfaces defining holes (34) corresponding to the 
pins (80); 

opening the die cavity; and 

removing the lid from the cavity. 

39. The method of claim 38 wherein the resin comprises polypropylene. 

40. The method of claim 38 or claim 39 wherein the resin has a natural 
state surface energy of less than about 35 dynes per centimeter. 

41 . The method of any of the above claims wherein each pin (80) has a 
diameter of less than about 0.020 inch (0.51 millimeter). 

42. The method of any of the above claims wherein the die cavity has a 
series of at least three pins (80) extending therethrough, for forming a corresponding 
number of holes (34) in the lid (12). 

43. The method of any of the above claims wherein the die cavity is 
unobstructed across its extent in all directions, save for said pins (80). 

44. A drinking container comprising 

a main body (14) defining an interior cavity accessible through an opening at 
an upper end of the main body, the body having a rim (38) about its opening, the rim 
having a domed upper surface; and 

a removable lid (12) secured to the main body at its upper end to cover the 
opening and enclose, together with the main body, the interior cavity to hold a liquid, 
the lid defining a groove (36) about its edge sized to receive and snap over the rim of 
the main body and form a seal; 
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the lid having an extended drinking spout (20) sized to be received within a 
human mouth and defining at least one unrestricted hole (34) providing open 
hydraulic communication between exterior surfaces of the container and the interior 
cavity, for dispensing liquid disposed proximate an inner end (56) of the hole in 
response to a vacuum applied at an outer end (60) of the hole; wherein 

the groove about the lid has an inner surface (40), and the rim of the main 
body has an outer surface (44), that each define semi-circular arcs of similar radii and 
have interlocking features on an inboard side, the interlocking features including 

a first lip (46) projecting radially outward from the lid into the groove 

and 

a second lip (48) projecting radially inward from the outer surface of 
the rim of the main body to produce a nominal radial interference between the first 
and second lips as the lid and main body are engaged. 

45. The drinking container of claim 45 wherein the first lip (46) protrudes 
about 0.008 inch (0.2 millimeter) laterally into the groove (36) from a vertical tangent 
to an inner edge of an upper, inner surface of the groove. 

46. The drinlcing container of claim 44 or claim 45 wherein the second lip 
(48) protrudes about 0.008 inch (0.2 millimeter) toward a centerline of the main body 
(14) from a vertical tangent to an inner edge of the outer surface (44) of the rim. 

47. The drinking container of any of claims 44 through 47 wherein the 
nominal radial interference between the first (46) and second (48) lips is about 0.016 
inch (0.4 millimeter). 

48. The drinlcing container of any of claims 44 through 47 wherein the lid 
(12) further comprises at least one snap ridge (50) extending downwardly and 
inwardly from an outer edge of the groove (36) and positioned to snap below a lower, 
distal edge (52) of the cup rim (38) when the main body (14) and lid (12) are fully 
engaged. . - .. . ._ _ 
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49. The drinking container of claim 48 wherein the lid (12) includes a 
bending tab (26) extending radially outward near one of the snap ridges (50). 

50. The drinking container of any of claims 44 through 49 wherein both 
the lid (12) and main body (14) have nominal molded thicknesses of less than about 
0.035 inch (0.90 millimeter), preferably between about 0.020 and-0026 inch (0.51 
and 0.66 millimeter). 

5 1 . The drinking container of any of claims 44 through 50 having an 
empty weight less than about 30 grams, preferably less than about 20 grams. 
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